LIST OF TABLES
Findings from this environmental study were used to develop conditioning cycles for a research project on the influence of environments on the fire performance of loose-fill cellulosic thermal insulation. Six cellulosic insulation materials with different compositions of fire retardant chemicals at an add-on level of 25 percent by weight were specially manufactured for this study. These materials were tested for fire performance using the smoldering combustion test and the attic flooring radiant panel test to establish a baseline.
After the materials were exposed to the various environmental cycles, they were tested for fire performance.
Results from these tests show that environmental exposure can have a significant effect on the fire performance of cellulosic insulation materials and indicates that long term fire protection provided by fire retardant compounds may be limited.
1. INTRODUCTION
Background
Loose fill cellulosic thermal insulation has been used in housing for many years in an attempt to reduce heating and cooling costs.
With the rapid rise in energy costs over the last decade, many home owners and owners of commercial buildings have attempted to increase resistance to thermal losses by installing insulation or adding additional insulation to the structure. In 1977, a number of fire problems were identified with some cellulosic insula- An evaluation of this conditioning procedure was carried out at NBS during 1978.
The study was carried out using three commercially manufactured cellulosic insulation materials. The fire retardant chemical compositions for these materials were not supplied by the manufacturers, and no chemical analyses were done to determine the constituents or amount of add-on. Two different sets of specimens were taken from each of the three materials. One set of specimens was conditioned using the C 739 method, and the second set of control specimens was conditioned for two days in a 23 ± 3°C (73 ± 5°F) and 50 ± 5 percent relative humidity conditioning environment.
For a period of about one month before the samples were conditioned, the materials were stored, in their product bags, in an environmentally controlled laboratory which had an environment similar to the 23°C and 50 percent relative humidity condition mentioned above.
When the specimens were conditioned using the C 739 method, they were wet upon completing the fourth cycle. This wet condition was not the result of any error in carrying out the C 739 conditioning procedure but was the natural end product of the conditioning method.
Since the materials were wet, they were not fire tested immediately, but were placed in the 23°C and 50 percent relative humidity conditioning room for seven days before they were tested.
The fire tests conducted on the insulation materials measured surface flammability and determined the propensity for smoldering. When the environmental variability of the chemical and physical
properties of fire-retardant additives are coupled with the fire properties of loose fiber cellulosic materials, it is clear that fire-retardant permanence is an important issue. As described above, environmental history may have a significant influence on the behavior of cellulosic insulation materials if they become exposed to an ignition source or a fire environment.
In an attempt to better define a range of environmental conditions that thermal insulation may be exposed to, a climate survey was conducted.
CLIMATE SURVEY
A survey of weather conditions for eleven cities located in the continental United States was conducted to obtain information on the various environments to which thermal insulation is exposed. The cities are listed in These plots can be seen in figures 1 through 11. These data were then combined into one group, and the polygon in figure 12 shows the extreme conditions. The aging cycles used in this study were developed by selecting significant high temperature and extreme relative humidity conditions from the polygon.
ENVIRONMENTAL CYCLES
Three conditioning methods were used in this study to evaluate the effects of environmental exposures on the fire performance of fire-retardant treated cellulosic insulation materials. These three methods are presented in table 4. The first environmental conditioning method was used to develop baseline data on the insulation materials. The materials had been stored in a well controlled air-conditioned laboratory for several months before they were submitted to the baseline environmental exposure. The laboratory environment over the storage period was almost identical to that used in the conditioning chamber on the baseline exposure. All of the critical radiant flux test specimens were blown into their metal specimen trays before they were conditioned, and all smoldering combustion test specimens were blown before being hand loaded into their test containers prior to being conditioned.
Environmental cycles A and B shown in table 4 were designed to expose the insulation materials to more extreme conditions than that used in the baseline tests. However, the conditioning cycles had to be kept fairly short in order to provide a procedure that may be used by industry for evaluating their products. It was recognized that in a high production rate industry, like the cellulosic insulation industry, lengthy conditioning cycles and testing periods create significant warehousing and marketing problems.
These considerations resulted in the selection of the eight day environmental cycles.
These cycles were chosen with the knowledge that a longer conditioning procedure may be necessary to obtain a more reliable indication of the effects of environment on fire performance.
Because fire-retardant chemicals are likely to change or migrate at higher temperatures, two elevated temperature climatic conditions were selected for cycles A and B. The major differences between these two experimental environmental cycles are reflected in the percent relative humidity.
The conditions used in the first four days of cycle A are shown as extreme environmental conditions in the climate polygon, figure 12. This temperature and humidity condition is similar to that found in Tucson, Arizona during the summer. See figure 11. The temperature for cycle A was increased from 37°C
to 60°C in order to reproduce attic temperatures recorded in the western part of the United States. The temperature for this cycle was also increased to remove free moisture from the insulation materials, and it was an attempt to accelerate the aging process by thermally stressing the materials. The second part of cycle A was used to normalize the insulation specimens for testing.
It is understood that more time may be needed for a specimen to completely normalize after being exposed to an extreme environment. However, the four day cycle at 23°C and 50 percent relative humidity was used to economize on time and meet the requirement for a short cycling procedure as mentioned in the paragraph above.
The first environmental condition shown in cycle B is also representative of an extreme climatic condition identified in the climate survey. See the climate polygon in figure 12 . This climatic condition exhibits a high relative humidity environment with a moderately high temperature. Figure 9 shows that these conditions are similar to that experienced in Richmond, Virginia.
Again, the ambient temperature found in the climate survey was increased to represent a higher temperature that may occur in an attic, and it was also increased so that the insulation materials would be stressed. The high relative humidity environment was selected because it would provide a moist condition which could result in the migration of soluble fire-retardant chemicals.
After the initial four days of exposure at the extreme conditions with cycle B, the specimens were then exposed to the same normalizing moderate environment as used in cycle A.
THERMAL INSULATION SPECIMENS
The six cellulosic thermal insulation materials used in this study are listed in table 5. Each specimen was prepared by a manufacturer that possessed the equipment and working knowledge of the cellulosic insulation manufacturing process. The specimens include fire retardant chemical compositions that have been identified in commercial insulation products.
FIRE TEST PROCEDURES
Two test methods were used to evaluate the thermal insulation materials fire properties after they were exposed to the environmental conditions described in section 3. One procedure, the Attic Flooring Radiant Panel test Since the smoldering combustion test can be influenced by specimen density, the insulation sample densities were measured using the procedure described in reference 13. Two different densities for each sample are shown in table 6. The blown density represents the insulation density just after it was blown through the cyclone apparatus specified in reference 13. This density is similar to that expected from material blown into a building attic space using a commercial insulation blower. The settled density reported in Table 6 is the result after each material was shaken for a five minute period on a 1.19 em vertical displacement shaker.
The settled density measurement is designed to provide an estimate of a possible change in density that may occur over a long period of time after a material has been blown into a structure.
6.2
Smolder "Break-Point" Density Determination
After the settled densities were determined, each insulation sample was tested to determine if it would smolder at its settled density. The smoldering combustion test discussed in section 5 was used in the evaluation. Each test in this phase of the study was carried out after the specimens were conditioned using the baseline environmental eXposure shown in Three tests were conducted on samples of each of the six insulation products after they were exposed to the various environmental cycles.
Additional tests using each of the specially manufactured insulation materials
were not possible since the supply was being depleted. However, the data obtained from these limited test results do suggest basic trends that can be seen in tables 7 and 8.
Two of the six materials, 2 and 5, do reflect significant changes in smoldering behavior with changes in environmental exposure. All of the test specimens for material 2 passed with exposure A, and all of the test specimens failed with exposure B even though there was a marked increase in specimen mass due to moisture gained during environmental cycling. Material 5 exhibited two failures after being exposed to environment A and had no failures when exposed to environmental cycle B. Both of the above materials contained similar fire retardant chemical additives, but they reacted differently after experiencing the two different environmental cycles.
Environmental exposures A and B had little or no effect on the smoldering behavior of materials 1, 3, and 4. The apparent change in smoldering seen for material 6 should not be given too much emphasis since the values obtained for the baseline condition were developed at a higher density of 88.0 kg/m3• The density for material 6 was lowered to 84.0 kg/m3 for the remaining environ-mental exposures in an attempt to obtain better sensitivity at the smoldering "break-point".
Even with this change in density, the difference in smoldering combustion characteristics for material 6 with exposures A and B do not appear to be conclusive.
Critical Radiant Flux Test Results
Critical radiant flux tests using the attic flooring radiant panel test After the six materials were exposed to conditioning environment A, material 1 showed an increase in flame spread with three failures as compared to results from tests after the baseline environmental exposure. When the materials were exposed to environmental cycle B, all specimens except material 4 showed improvement in critical radiant flux values.
Material 6, which exhibited one failure, showed a significant improvement in test results with the second and third tests in this set as compared to results from the baseline environmental exposure and environmental exposure A.
SUMMARY
This report provides information on various environmental conditions experienced in eleven different geographical locations in the continental United States. Data on these climates provided basic information for the selection of environmental conditions used in this study, and they provide a collection of climatic data which may be used in further research on the environmental cycling of thermal insulation materials.
Six cellulosic thermal insulation materials containing chemical fire retardants were exposed to different environmental conditions and were tested for changes in fire performance. Each insulation material was tested for fire performance using the smoldering combustion and the critical radiant flux test procedures [13] . Two of the materials showed improvements after being exposed to a high temperature/high humidity environmental cycle and had poor results after being exposed to a high temperature/low humidity environment when tested with the smoldering combustion test procedure. [12] Wessel, C.J., Thom, H.C.S., "Climate and Deterioration", in Greathouse, G.A. and Wessel, C.J., editors, Deterioration of Materials, Reinhold, 1954. • 60 5  10  15  ZO  25  30  35  <40 , , , •~Il!l.~~' '\': TEMPERATURE *** of 
